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distance of its feature set to the corresponding plurality of'iris
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1
IRIS RECOGNITION USING LOCALIZED
ZERNIKE MOMENTS

TECHNICAL FIELD

The present disclosure relates to a system and method for
iris recognition, and in an embodiment, but not by way of
limitation, a system and method for iris recognition using
localized Zernike moments.

BACKGROUND

Many iris recognition algorithms are in use, with Daug-
man’s algorithm based on 2D Gabor Wavelets and the Stand-
off Iris Recognition algorithm (SIRM, Honeywell, Inc.)
being well known. These current algorithms are designed to
achieve the best performance on high quality irises. However,
the algorithms do not perform as well using degraded irises.
The degradations, normally in the form of blur, gaze and
occlusion, severely limit the recognition capabilities of the
current algorithms. Current algorithms follow a common
theme that segment and convert the circular iris doughnut
region to a rectangular region using a polar transformation.
This transformation, acting as a simplification process, leads
to loss of information. This in particular is important when the
iris is subjected to degradation such as blur, gaze, and occlu-
sion. Moreover, since current iris acquisition systems have
the capability to acquire iris images from distances up to 20
meters, there is significant degradation to the quality of the
captured irises at these distances.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the boundaries of an iris and a pupil.

FIG. 2 illustrates a mapping of an iris to a unit circle.

FIGS. 3A and 3B are a flow chart-like diagram illustrating
the steps and features of an example embodiment of using
localized Zernike moments for iris recognition.

FIG. 4A illustrates a full iris mapped to a unit circle with
Guassian filters.

FIG. 4B is an example embodiment of a unit disk that can
be used in connection with an embodiment of the present
disclosure.

FIG. 4C is an illustration of the unit disk of FIG. 4B with
full and partial occlusions.

FIG. 5 is ablock diagram of'a computer system upon which
one or more embodiments of the present disclosure can oper-
ate.

DETAILED DESCRIPTION

In the following description, reference is made to the
accompanying drawings that form a part hereof, and in which
is shown by way of illustration specific embodiments which
may be practiced. These embodiments are described in suf-
ficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments
may be utilized and that structural, electrical, and optical
changes may be made without departing from the scope of the
present invention. The following description of example
embodiments is, therefore, not to be taken in a limited sense,
and the scope of the present invention is defined by the
appended claims.

An embodiment of the present disclosure is a novel feature
extraction that extends the application of iris recognition to
non-ideal conditions and can loosen the constraints of iris
acquisition, while keeping the performance of the recognition
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high. Specifically, the embodiment is a feature extraction for
non-ideal iris recognition using extended Zernike moments.
The method achieves good performance on irises captured
from a distance and exploits the application of localized
Zernike moments for iris recognition under ideal and non-
ideal conditions.

Zernike Polynomials are a sequence of polynomials that
are orthogonal on a unit disk. They are well known and widely
used in the analysis of optical systems. They are also widely
used in image analysis as shape descriptors. The kernel of
Zernike moments is a set of orthogonal Zernike polynomials
defined over the polar coordinate space inside a unit circle.
Zernike moments are robust to image noise and minor varia-
tions in shape. As noted above, the iris degradations involve
both noise introduction (blur) and shape variation (occlusion
and gaze). An important property exploited by the method is
the robustness of Zernike moments to image noise and minor
variations in shape.

The lower order polynomials approximate the global fea-
tures of the shape and the higher order terms capture the local
shape. This approach exploits local texture features from the
different moments. Then, localized moving windows are
applied on the output of Zernike moments to obtain a spec-
trogram for each moment, similar to the application of short
time Fourier transform (STFT) in speech recognition that
exploit the localization of signatures. The use of the localized
moving windows results in an ignoring of the effects of the
occlusion of the irises by the eyelids. Another embodiment
considers Zernike moments separately for each sector of the
disk and uses only the sector with visible iris information.
This embodiment results in an iris feature set Z,,,, for every
iris considered and an iris template is generated.

For classification, two approaches are considered. Oneis to
use a standard variance based discrimination using rank order
procedure of selecting discriminative features that have small
intra-class variance and large inter-class separation. The sec-
ond approach is based on a minimum distance classification.
The distance between two iris features can be determined
using the Euclidean distance or the city block distance mea-
sure.

The embodiments can be implemented on virtually any
computer system, including a desktop computer. Iris images
captured from an iris acquisition system serve as the input.
The system should have a large dataset of iris images that are
already processed using the algorithm and saved as iris tem-
plates. The system detects and segments the iris region and
computes the iris template based on localized Zernike
moments. This template is then matched to the set of saved
templates to determine a score and further classify it as a
match/non-match. The system can be sufficiently improved
for performance using a graphical processing unit (GPU).
The system can also be implemented on an onboard process-
ing device such as a digital signal processor or on similar
architectures.

In an embodiment, the pupil and iris are segmented as the
first step. FIG. 1 illustrates the boundaries of a typical pupil
110, iris 120, and eyelid 130. The pupil 110 and iris 120 have
aradius R. To calculate the Zernike moments, the iris region
is mapped to a unit disc using polar coordinates, where the
center of the iris/pupil is the center of the unit disc. FIG. 2
illustrates this, wherein the iris region 110 with radius R of
FIG. 2 are mapped to the unit circle 150. The mapping of the
iris region starts from the inner boundary of the iris to the
outer boundary of the iris region.

FIG. 4A illustrates a full iris mapped to a unit circle local-
ized with Guassian filters, FIG. 4B is an example embodiment
of a unit disk that can be used in connection with an embodi-
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ment of the present disclosure, and FIG. 4C is an illustration
of the unit disk of FIG. 4B with full and partial occlusions.
FIGS. 4A, 48, and 4C all involve the use of a unit circle. FIGS.
4A and 4B represent two methods of computing local iris
regions, one using a Gaussian(lL,0) and second approach by
sector partitioning. FIG. 4A illustrates a full (i.e., no occlu-
sions) iris mapped to a unit circle with Gaussian filters applied
atapoint (k, 0). The term k ranges such that the Gaussian G(y,
o) falls within the unit circle, and 0 ranges from 0 to 360. The
concentric circles 410 represent a Gaussian filter (function
M(x,y) as described below) at (k, 6). The term (k, 0) is the
center of the Gaussian at radius of k and an angle of 6. FIG. 4B
illustrates a unit disk, and a sector 420 that is a function of R,
R,, 0, and 0,. FIG. 4C illustrates an actual iris mapped to a
unit circle (with full and partial occlusions). The occluded
regions 430 and the partially occluded regions 435 are not
considered for the generation of feature vectors. That is, only
the regions 440 (all the unshaded regions) are considered for
localized Zernike moment calculations to form the iris feature
vector.

FIGS. 3A and 3B are flowchart-like diagrams of the fea-
tures extraction and matching steps of an example embodi-
ment of using localized Zernike moments in iris identifica-
tion. FIGS. 3A and 3B include a number of process blocks
305-390. Though arranged serially in the example of FIGS.
3 A and 3B, other examples may reorder the blocks, omit one
or more blocks, and/or execute two or more blocks in parallel
using multiple processors or a single processor organized as
two or more virtual machines or sub-processors. Moreover,
still other examples can implement the blocks as one or more
specific interconnected hardware or integrated circuit mod-
ules with related control and data signals communicated
between and through the modules. Thus, any process flow is
applicable to software, firmware, hardware, and hybrid
implementations.

Referring to FI1G. 3A, at 305, an image of an iris is received
into a computer processor. At 310, the image of the iris is
segmented. This segmentation is illustrated in FIGS. 1 and 2.
At 335, the image of the iris is mapped as a unit disk starting
at an inner boundary of the iris and stopping at an outer
boundary of the iris. This is as illustrated in FIG. 2. At 340, the
unit disk is partitioned as a function of radius and angle,
thereby generating a plurality of sectors. In specific, the local
iris regions are a function of the radius of the iris and a first
angle and second angle defining a sector of the local iris
region as illustrated in F1G. 4B. The local iris regions can also
be computed using a Gaussian as illustrated in FIG. 4A. At
345, localized Zernike moments are calculated for each local
region. At 350, one or more localized regions that are com-
promised by occlusions are not selected for iris feature set.
For example, in FIG. 4C, the Zernike moments computed for
sector 430 and 435 would not be selected because sectors are
occluded by the bottom portion of the eyelids. At 355, the iris
feature set is a concatenation of vectors of localized Zernike
moments for each defined region. And at 390, the calculation
of the localized Zernike moments is a function of a discrimi-
nate selection using an offline boosting method for feature
selection.

Referring to FI1G. 3B, at 305, an image of an iris is received
into a computer processor. At 315, localized Zernike
moments are calculated for a plurality of segments of the
image. The Zernike moments are defined as the projection of
the input pattern into the space of orthogonal basis functions

VXY=V, (1, 8)=R,, (r)e” © where r=Vx*+y> is the dis-
tance from the origin (0,0) to the point (x,y), 6=arctan—is the
angle formed by the x axis and r in anti clockwise, p, and q are
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order and repetition respectively with m=0, Iml=n, m-Inl is
even, i=, and R, (r) defined as,

(n—m)/2
R(p) = Z
k=0

(=D -0! o

n—2k
Me+m/2—lm—mj2—0t* -

The discretized Zernike’s moments applied to a digital image
are defined as

@

= L S S RV Jo o

y x

Where f(x,y) is the iris image.

The Pseudo-Zernike Moment set for the full unit circle
(thetal, theta2)=(0, 2*m) and (r1, r2)=(0, 1) of order n and
repetition 1 are defined as:

®

n+l (2 1
Ap = —f f [Vyu(rcos@, rsind)]* f(rcos, rsindrdrd o
7oJo Jo

where n=0, . . . 0 and 1 takes on positive and negative integer
values subject to 1l=n.

The localized Zernike moments include a projection of the
masked iris region into a space of Zernike polynomial
orthogonal basis functions, where the f(x, y) is replaced by
f(x, y)*M(x, y) (dot product), where M(x, y) is defined as the
mask for a sub-region of the iris image. M(X, y) as shown in
FIG. 4N can be a region defined by (r1,r2, 61, 82) oras shown
in FIG. 4A, can be a window centered at (k,0) where a Gaus-
sian filter G(u, o) is applied. At 320, an iris feature set is
generated from each of localized regions of the iris. The iris
feature set is a vector formed by concatenating localized
Zernike moments obtained for different orders of Zernike
polynomials for each region defined by the values of r and 8in
(3). A full iris feature set is defined as,

Ziris:/Zl 112121213 e 221,222,233, e ZPQ] (4)

where the sectors are discretized to P=[0—1] radii, and
Q=[0—2m] angles. Z,,, is the localized Zernike moment set
A, defined for f{(x,y). M, (x,y) forp=(1 ... P)and q=(1 . ..
Q). At 325, the image of the iris is represented as a function of
the iris feature set, and at 330, the representative set of the iris
is compared to a plurality of iris feature sets in a database.

At 360, the image is classified by determining a minimum
distance between iris features. At 365, the image is classified
by determining a total distance, wherein the total distance is a
weighted sum of the distances between the iris features. The
Zernike moments (Z,,,) for iris sectors which are not occluded
in both the probe and target irises are only considered for iris
feature distance value computation. At 370, the weighted sum
is a function of an occlusion, a blur, or a gaze condition of one
or more of a target iris image, a probe iris image, and a
matching iris image. At 375, the weighted sum is a product of
individual weights that are related to occlusion, blur, and
gaze. The weights W,  for each sector is defined as
W,.=0,.*B,*G,, where the occlusion, blur and gaze
weights are determined and normalized for each sector. Thus
Equation 4 would be modified as

Ziyis= (21 W 11, 200"Wia - oo 2oy "Wy, - - Zpo*Wpg] )]
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At 380, a distance between iris features can be a Euclidean
distance or a city block distance between the localized
Zernike moments. City block distance between two vectors is
defined as

At 385, the image of the iris is received from an iris acquisi-
tion system or a database of iris images.

FIG. 5 is an overview diagram of hardware and an operat-
ing environment in conjunction with which embodiments of
the invention may be practiced. The description of FIG. 5 is
intended to provide a brief, general description of suitable
computer hardware and a suitable computing environment in
conjunction with which the invention may be implemented.
In some embodiments, the invention is described in the gen-
eral context of computer-executable instructions, such as pro-
gram modules, being executed by a computer, such as a
personal computer. Generally, program modules include rou-
tines, programs, objects, components, data structures, etc.,
that perform particular tasks or implement particular abstract
data types.

Moreover, those skilled in the art will appreciate that the
invention may be practiced with other computer system con-
figurations, including hand-held devices, multiprocessor sys-
tems, microprocessor-based or programmable consumer
electronics, network PCs, minicomputers, mainframe com-
puters, and the like. The invention may also be practiced in
distributed computer environments where tasks are per-
formed by I/O remote processing devices that are linked
through a communications network. In a distributed comput-
ing environment, program modules may be located in both
local and remote memory storage devices.

In the embodiment shown in FIG. 5, a hardware and oper-
ating environment is provided that is applicable to any of the
servers and/or remote clients shown in the other Figures.

As shown in FIG. 5, one embodiment of the hardware and
operating environment includes a general purpose computing
device in the form of a computer 20 (e.g., a personal com-
puter, workstation, or server), including one or more process-
ing units 21, a system memory 22, and a system bus 23 that
operatively couples various system components including the
system memory 22 to the processing unit 21. There may be
only one or there may be more than one processing unit 21,
such that the processor of computer 20 comprises a single
central-processing unit (CPU), or a plurality of processing
units, commonly referred to as a multiprocessor or parallel-
processor environment. A multiprocessor system can include
cloud computing environments. In various embodiments,
computer 20 is a conventional computer, a distributed com-
puter, or any other type of computer.

The system bus 23 can be any of several types of bus
structures including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety of bus
architectures. The system memory can also be referred to as
simply the memory, and, in some embodiments, includes
read-only memory (ROM) 24 and random-access memory
(RAM) 25. A basic input/output system (BIOS) program 26,
containing the basic routines that help to transfer information
between elements within the computer 20, such as during
start-up, may be stored in ROM 24. The computer 20 further
includes a hard disk drive 27 for reading from and writing to
a hard disk, not shown, a magnetic disk drive 28 for reading
from or writing to a removable magnetic disk 29, and an
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Optical disk drive 30 for reading from or writing to a remov-
able optical disk 31 suchas a CD ROM or other optical media.

The hard disk drive 27, magnetic disk drive 28, and optical
disk drive 30 couple with a hard disk drive interface 32, a
magnetic disk drive interface 33, and an optical disk drive
interface 34, respectively. The drives and their associated
computer-readable media provide non volatile storage of
computer-readable instructions, data structures, program
modules and other data for the computer 20. It should be
appreciated by those skilled in the art that any type of com-
puter-readable media which can store data that is accessible
by a computer, such as magnetic cassettes, flash memory
cards, digital video disks, Bernoulli cartridges, random
access memories (RAMs), read only memories (ROMs),
redundant arrays of independent disks (e.g., RAID storage
devices) and the like, can be used in the exemplary operating
environment.

A plurality of program modules can be stored on the hard
disk, magnetic disk 29, optical disk 31, ROM 24, or RAM 25,
including an operating system 35, one or more application
programs 36, other program modules 37, and program data
38. A plug in containing a security transmission engine for the
present invention can be resident on any one or number of
these computer-readable media.

A user may enter commands and information into com-
puter 20 through input devices such as a keyboard 40 and
pointing device 42. Other input devices (not shown) can
include a microphone, joystick, game pad, satellite dish,
scanner, or the like. These other input devices are often con-
nected to the processing unit 21 through a serial port interface
46 that is coupled to the system bus 23, but can be connected
by other interfaces, such as a parallel port, game port, or a
universal serial bus (USB). A monitor 47 or other type of
display device can also be connected to the system bus 23 via
an interface, such as a video adapter 48. The monitor 47 can
display a graphical user interface for the user. In addition to
the monitor 47, computers typically include other peripheral
output devices (not shown), such as speakers and printers.

The computer 20 may operate in a networked environment
using logical connections to one or more remote computers or
servers, such as remote computer 49. These logical connec-
tions are achieved by a communication device coupled to or a
part of the computer 20; the invention is not limited to a
particular type of communications device. The remote com-
puter 49 can be another computer, a server, a router, a network
PC, a client, a peer device or other common network node,
and typically includes many or all of the elements described
above /O relative to the computer 20, although only a
memory storage device 50 has been illustrated. The logical
connections depicted in FIG. 5 include a local area network
(LAN) 51 and/or a wide area network (WAN) 52. Such net-
working environments are commonplace in office networks,
enterprise-wide computer networks, intranets and the inter-
net, which are all types of networks.

When used in a LAN-networking environment, the com-
puter 20 is connected to the LAN 51 through a network
interface or adapter 53, which is one type of communications
device. In some embodiments, when used in a WAN-net-
working environment, the computer 20 typically includes a
modem 54 (another type of communications device) or any
other type of communications device, e.g., a wireless trans-
ceiver, for establishing communications over the wide-area
network 52, such as the internet. The modem 54, which may
be internal or external, is connected to the system bus 23 via
the serial port interface 46. In a networked environment,
program modules depicted relative to the computer 20 can be
stored in the remote memory storage device 50 of remote
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computer, or server 49. It is appreciated that the network
connections shown are exemplary and other means of, and
communications devices for, establishing a communications
link between the computers may be used including hybrid
fiber-coax connections, T1-T3 lines, DSL’s, OC-3 and/or
OC-12, TCP/IP, microwave, wireless application protocol,
and any other electronic media through any suitable switches,
routers, outlets and power lines, as the same are known and
understood by one of ordinary skill in the art.

It should be understood that there exist implementations of
other variations and modifications of the invention and its
various aspects, as may be readily apparent, for example, to
those of ordinary skill in the art, and that the invention is not
limited by specific embodiments described herein. Features
and embodiments described above may be combined with
each other in different combinations. It is therefore contem-
plated to cover any and all modifications, variations, combi-
nations or equivalents that fall within the scope of the present
invention.

The Abstractis provided to comply with 37 C.F.R. §1.72(b)
and will allow the reader to quickly ascertain the nature and
gist of the technical disclosure. It is submitted with the under-
standing that it will not be used to interpret or limit the scope
or meaning of the claims.

The invention claimed is:

1. A system comprising:

a computer processor and computer storage device config-

ured to:

receive an image of an iris;

segment the image of the iris, thereby creating a local iris
region;

map the image ofthe iris as a unit disk starting at an inner
boundary ofthe iris and stopping at an outer boundary
of the iris;

segment the unit disk as a function of a plurality of
Gaussians centered at different locations in the local
iris region, thereby generating a plurality of iris sub-
regions;

calculate a localized Zernike moment for each of the
plurality of iris sub-regions to obtain a plurality of
localized Zernike moments, each localized Zernike
moment comprising a projection of the local iris
region into a space of Zernike polynomial orthogonal
basis functions;

select the localized Zernike moments calculated for the
iris sub-regions such that the iris sub-regions are not
compromised by occlusion;

generate a local iris texture feature set using the selected
localized Zernike moments calculated for one or more
iris sub-regions;

classify the image of the iris as a function of the local iris
texture feature set; and

compare the classified image of the iris to a plurality of
iris images in a database.

2. The system of claim 1, wherein the computer processor
is configured to generate the local iris texture feature set from
a vector of localized Zernike moments.

3. The system of claim 1, wherein the classifying of the
image comprises determining a minimum distance between
iris features.

4. The system of claim 1, wherein the classifying the image
comprises determining a total distance, wherein the total dis-
tance comprises a weighted sum of the distances between the
iris features.
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5. The system of claim 4, wherein the weighted sum is a
function of an occlusion, a blur, or a gaze condition of one or
more of a target iris image, a probe iris image, and a matching
iris image.

6. The system of claim 5, wherein the weighted sum com-
prises a product of individual weights that are related to
occlusion, blur, and gaze.

7. The system of claim 1, wherein a distance between iris
features comprises one or more of a Euclidean distance and a
city block distance between the localized Zernike moments.

8. The system of claim 1, wherein the image of the iris is
received from an iris acquisition system or a database of iris
images.

9. The system of claim 1, wherein the calculation of the
localized Zernike moments is a function of a discriminate
selection using an offline boosting method.

10. A process comprising:

receiving an image of an iris;

segmenting the image of the iris, thereby creating a local

iris region;

mapping the image of the iris as a unit disk starting at an

inner boundary of the iris and stopping at an outer
boundary of the iris;
segmenting the unit disk as a function of a plurality of
Gaussians centered at different locations in the local iris
region, thereby generating a plurality of iris sub-regions;

calculating a localized Zernike moment for each iris sub-
region to obtain a plurality of localized Zernike
moments, each localized Zernike moment comprising a
projection of the local iris region into a space of Zernike
polynomial orthogonal basis functions;

selecting the localized Zernike moments computed for the

iris sub-regions such that the iris sub-regions are not
compromised by occlusion;

generating a local iris texture feature set using the selected

Zernike moments;

classifying the image of the iris as a function of the local

iris texture feature set; and

comparing the classified image of the iris to a plurality of

iris images in a database.

11. The process of claim 10, comprising generating the
local iris texture feature set from a vector of localized Zernike
moments.

12. The process of claim 10, wherein the classifying of the
image comprises determining a minimum distance between
iris features.

13. The process of claim 10, wherein the classifying the
image comprises determining a total distance, wherein the
total distance comprises a weighted sum of the distances
between the iris features.

14. The process of claim 13, wherein the weighted sum is
a function of an occlusion, a blur, or a gaze condition of one
or more of a target iris image, a probe iris image, and a
matching iris image; and wherein the weighted sum com-
prises a product of individual weights that are related to
occlusion, blur, and gaze.

15. The process of claim 10, wherein a distance between
iris features comprises one or more of a Euclidean distance
and a city block distance between the localized Zernike
moments.

16. The process of claim 10, wherein the image of the iris
is received from an iris acquisition system or a database ofiris
images.
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17. A system comprising:
a computer processor and computer storage device config-
ured to:
receive an image of an iris;
map the image ofthe iris as a unit disk starting ataninner 5
boundary ofthe iris and stopping at an outer boundary
of the iris;
segment the unit disk as a function of a plurality of
Gaussians centered at different locations in an iris
region, thereby generating a plurality of iris sub-re- 10
gions;
calculate a localized Zernike moment for each iris sub-
region to obtain a plurality of localized Zernike
moments;
select the localized Zernike moments computed for the 15
iris sub-regions such that the iris sub-regions are not
compromised by occlusion; and
generate the local iris texture feature set using the
selected Zernike moments computed over one or
more iris sub-regions. 20
18. The system of claim 17, wherein the calculation of the
localized Zernike moments is a function of a discriminate
selection using an offline boosting method.
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